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Description

[0001] The presentinventionis directed to a wheel with
aheatshield structure, in specific to heat shield structures
which can be used for wheels, in particular for wheels
made from carbon fiber reinforced plastics suited for mo-
tor vehicles and to wheels comprising such heat shield
structures.

BACKGROUND OF THE INVENTION

[0002] Whenbraking, kinetic energy of a vehicle is con-
verted into thermal energy, resulting in high temperatures
generated by the brake system. In disk brake systems,
particularly in carbon-ceramic brakes which are widely
used for motor vehicles, operating temperatures up to
1000 °C may occur. While driving, such high tempera-
tures are not critical since both the brake systems and
the adjacent wheels are efficiently cooled by the air flow-
ing around the vehicle, respectively around and through
the wheels and the brake systems.

[0003] However, if a vehicle is braked from high speed
and immediately afterwards parked, such active air cool-
ing is missing. Consequently during up to 30 minutes
after braking, a significant heat transfer from the hot brake
systems to the wheels may occur. Because brake sys-
tems are usually not in direct physical contact with the
adjacent wheel, this transfer mainly takes place through
radiation and convection, while conduction can almost
be neglected. As for disk brakes, the distance between
the wheel and the brake caliper as well as the brake disk
is usually very low and therefore heat transfer by radiation
and convection in this area may be very high. Whereas
for conventional wheels made from metals such heat
transfer is not high enough to induce thermal damage to
the wheels, it may become critical for wheels made from
other materials, such as fiber reinforced plastics.
[0004] DE3224929 was filed 03.07.1982 on behalf of
Motor Wheel Corp. USA and describes a vehicle wheel
made from a fiber reinforced resin material. A heatbarrier
plate is provided at the inboard disk face such that in use
it prevents heat transfer from the vehicle’s hub to the
resin disk in order to prevent creeping in the resin disk
material in the region of the wheel’s mounting bolt holes.
[0005] US5538114 was filed 19.12.1994 on behalf of
Jay D. White and Ralph W. Larson and shows an insu-
lating wheel mounting system for reduced heat transfer
for drum brake systems used in conventional wheels.
According to the patent, an insulating ring is formed at
the hub region of the wheel, disposed to be clamped
against a drum extension attached to a cylindrical main
drum. In an alternate embodiment, the drum extension
is coated with a thermal insulating material such that a
layer of the insulating material is disposed between the
wheel’s hub region and the drum extension.

[0006] US2010194179 was filed 22.01.2010 on behalf
of Goodrich Corporation and shows a thermal manage-
ment composite heat shield which comprises a shield
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portion and a dissipation portion. The shield portion may
comprise a hot side skin, aconductionlayer, an insulation
layer, and a cool side skin. The dissipation portion may
comprise afin array. Heat absorbed by the shield portion
is partially or fully conducted to the dissipation portion for
transfer to the ambient environment. According to the
published application, the thermal management system
may be e.g. be used for aircraft and automotive wheels.
[0007] WO2009130229 was filed 21.04.2009 on behalf
of Zircotec Limited and discloses a layer of magnesium
zirconate to be applied on a carbon fiber reinforced plastic
material in order to obtain good resistance to abrasion
and other mechanical damage. The publication also
mentions that such a layer is also resistant to corrosion
and chemical attack and has good thermal resistance
forming a thermal barrier to protect the carbon fiber re-
inforced plastic material.

[0008] Furtherexamplesofsingle-layered heatshields
known from the prior art are US5277479, US4900097,
DE 10006400 or JP2010030374.

SUMMARY OF THE INVENTION

[0009] In order to obtain wheels with a low total mass
and alow moment ofinertia, fiber reinforced plastics com-
prising e.g. carbon fibers or glass fibers, may be used
for rims and wheel centers. Within the context of the
present invention "wheel center" should be understood
as to include any type of wheel center, such as spoke
structures - respectively wheel spiders - or wheel disks.
According to another approach, only the rim may be
made from afiber reinforced plastic, while the wheel cent-
er is made from a metal - or vice versa. Such types of
wheels may also be referred to as "hybrid wheels".
[0010] Unfortunately carbon fiber reinforced plastics -
which from a structural mechanical point of view offer
great potential for obtaining lightweight wheels and there-
fore are widely used - have only a very limited resistance
to heat and at the same time a relatively high thermal
conductivity. In specific, many matrices used in combi-
nation with carbon fiber reinforced plastics are charac-
terized by a fairly limited resistance to heat. This makes
wheels comprising fiber reinforced plastics prone to ther-
mal damage as induced by brake systems of vehicles.
Therefore efficient protection from the thermal energy
emitted by brake systems is needed, in particular for
wheels comprising carbon fiber reinforced plastics.
[0011] Although from the prior art several systems to
reduce heat transfer from a brake system to a wheel are
known, all these systems require additional components
which have to be arranged between the brake system
(respectively suspension) and the wheel. For many ve-
hicles this is not feasible as the space between wheel
and suspension is very limited and thus the systems
known from the prior art cannot be applied.

[0012] One object of the present invention therefore is
to provide a wheel with a heat shield structure which of-
fers efficient thermal shielding for wheels made at least
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partially from fiber reinforced plastics and which does not
require significant additional space in the region between
wheel, brake system and suspension. As a conse-
quence, wheels equipped with heat shield structures ac-
cording to the invention are suitable for a large range of
vehicles without prior modification of the vehicles’ sus-
pensions and/or brake systems.

[0013] Therefore for wheels comprising a base struc-
ture that is at least partially made from a fiber reinforced
plastic, a special heat shield structure is arranged on a
wheel’s base structure and is at least partially covering
the base structure at least in the critical areas. Thus the
flux of thermal energy into the wheel can be reduced and
the deposition of thermal energy can be controlled and
distributed, such that hot spots, which would lead to ther-
mal damage, can be prevented. Thus the heat shield
structure becomes an integral part of the wheel, allowing
a controlled dissipation of thermal energy using the struc-
ture of the wheel.

[0014] If appropriate, the heat shield structure may
comprise at least one heat reflecting layer. Such a layer
reflects radiant heat more than it absorbs it. Thus such
a layer decreases the flux of thermal energy from the
brake system to the wheel, if compared to a wheel without
areflecting layer. Such alayer may be made fromametal,
such as e.g. gold or aluminum.

[0015] The heatshield structure comprises atleastone
low thermal conductive layer that may serve as a thermal
barrier. Such a layer may be made e.g. from a continuum
plastic (e.g. aramide, polyamide) and/or a porous plastic
and/or a fiber reinforced plastic and/or a continuum ce-
ramic material and/or a fiber reinforced ceramic material
and/or a porous ceramic material.

[0016] Dependingon the application, good results may
be obtained if the at least one low thermal conductive
layer is made from a fiber reinforced plastic containing
aramide fibers and/or stone fibers (e.g. basalt) and/or
glass fibers which may be embedded in a heat-resistant
matrix.

[0017] Theheatshield structure comprises atleastone
high thermal conductive layer. Such a layer is used in
order to enhance the distribution of thermal energy over
a larger area and hence avoid energy concentration, re-
spectively supercritical hot spots that would lead to dam-
age of the subjacent base structure.

[0018] Good results may be obtained if a high thermal
conductive layer is arranged between a heat reflecting
layer and a low thermal conductive layer - the heat re-
flecting layer being on an outer face of a wheel. Such
intermediate layers may be used in order to disperse lo-
cally applied thermal energy very efficiently over a larger
area and hence to avoid local accumulation of heat which
may lead to damage of the subjacent structure.

[0019] A high thermal conductive layer may e.g. com-
prise a metal sheet, metal foil, a metal mesh (grid) or a
metal fabric. Alternatively or in addition also sheets, foils,
meshes/grids and fabrics made from other materials.
Good results may be obtained if materials with a relatively
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high thermal conductivity are used.

[0020] Good results may also be obtained if the high
thermal conductive layer also serves as a load bearing
structure and hence as a mechanically reinforcing ele-
ment for the heat shield structure and/or the subjacent
base structure.

[0021] If appropriate, a heat shield structure may be at
least partially embedded in the base structure. Thus the
shape (outer geometry) of a wheel will only be insignifi-
cantly altered by the presence of a heat shield structure.
[0022] A heatshield according to the presentinvention
may be used for wheels that are suitable for motor vehi-
cles (e.g. cars, motorbikes) but is not limited to such ve-
hicles and therefore may also be used for example for
aircraft.

[0023] A heat shield structure according to the inven-
tion will typically be applied at those regions of a wheel
which are in the vicinity of the brake disk and/or caliper.
However it may also extend to other regions, such as in
order to dissipate the deposited thermal energy by dis-
tributing it over a larger area. Thus local heat concentra-
tion can be omitted and heat transfer out of the wheel by
convection and/or thermal radiation can be increased.
[0024] Good results may be obtained if a heat shielding
structure is arranged in the hub region and/or on the rest
of the wheel center and/or on the rim.

[0025] It is clear that the present invention may also
be used in combination with other systems that prevent
supercritical heat transfer between a brake system and
awheel, such as additional heat shields or active cooling
systems.

[0026] In addition, the present invention is lot limited
to be used in combination with disk brake systems, but
may also be used in combination with virtually any other
type of brake system, such as e.g. drum brake systems.
[0027] Furthermore it is also clear that the present in-
vention is not only limited to wheels made from carbon
fibers reinforced plastics, butmay also be used forwheels
made from other materials that suffer from similar prob-
lems regarding heat resistance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The hereindescribedinvention will be more fully
understood from the detailed description of the given
herein below and the accompanying drawings, which
should not be considered as limiting to the invention de-
scribed in the appended claims.

Fig. 1
shows a wheel with a disk brake and a caliper in a
frontal view;

Fig. 2
shows the wheel of Fig. 2 in a perspective view from

the back;

Fig. 3
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shows the wheel of Fig. 2 in a perspective view from
the back, part of the wheel being clipped for illustra-
tive purposes;

Fig. 4
shows a wheel center and a heat shield structure in
a perspective view;

Fig. 5

shows a rim and a heat shield structure in a perspec-
tive view, the wheel being partially clipped for illus-
trative purposes;

Fig. 6
shows a configuration not covered by the claims of
a heat shield structure arranged on a base structure;

Fig. 7
shows a configuration not covered by the claims of
a heat shield structure arranged on a base structure;

Fig. 8
shows a configuration not covered by the claims of
a heat shield structure arranged on a base structure;

Fig. 9
shows a configuration not covered by the claims of
a heat shield structure arranged on a base structure;

Fig. 10
shows a configuration not covered by the claims of
a heat shield structure arranged on a base structure;

Fig. 11
shows an embodiment of the invention with a heat
shield structure arranged on a base structure.

DETAILED DESCRIPTION OF THE INVENTION

[0029] The foregoing summary, aswell asthe following
detailed description of the preferred embodiments, is bet-
terunderstood when read in conjunction with the append-
ed drawings. For the purpose of illustrating the invention,
an embodiment that is presently preferred, in which like
numerals represent similar parts throughout the several
views of the drawings, it being understood, however, that
the invention in not limited to the specific methods and
instrumentalities disklosed.

[0030] Figures 1to 3 show an embodiment of a wheel
1 together with a disk brake system, comprising a brake
disk 6 which is aligned with a caliper 7. Other parts of the
wheel suspension have been omitted for illustrative pur-
poses. The wheel 1 of the embodiment shown is made
from afiberreinforced plastic. It comprises awheel center
2 with several spokes 3 that connect a central hub 4 with
a peripheral rim 5, which is designed in order to receive
a tire (not shown). As indicated in Figure 3 by dotted
circles, the distance between the brake disk 6 and the
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spokes 3, the hub 4 and the rim 5 is at some locations
relatively small. The same holds true for the distance
between the caliper 7 and the spokes 3, respectively the
rim 5. This particularly holds true for the protuberances
of the caliper 7, where e.g. the pistons for the brake pads
(not shown) are arranged. Hence these regions of the
wheel 1 are prone to thermal damage due to the heat
dissipated by the disk brake system during and after brak-
ing.

[0031] Therefore, according to the present invention,
these regions of the wheel 1 may be provided by heat
shield structures, as shown in Figures 4 and 5. Figure
4 shows a wheel center 2 which is thermally shielded by
a heat shield structure 8 that is positioned on the wheel’'s
surface thatis in critical proximity to the disk brake system
(not shown). In the embodiment shown, the region adja-
cent to the hub 4 as well as parts of the spokes 3, may
be protected by such a heat shield that is presently pre-
ferred, in which like numerals represent similar parts
throughout the several views of the drawings, it being
understood, however, that the invention in not limited to
the specific methods and instrumentalities disclosed.
[0032] Figures 1 to 3 show an embodiment of a wheel
1 together with a disk brake system, comprising a brake
disk 6 which is aligned with a caliper 7. Other parts of the
wheel suspension have been omitted for illustrative pur-
poses. The wheel 1 of the embodiment shown is made
from afiberreinforced plastic. It comprises a wheel center
2 with several spokes 3 that connect a central hub 4 with
a peripheral rim 5, which is designed in order to receive
a tire (not shown). As indicated in Figure 3 by dotted
circles, the distance between the brake disk 6 and the
spokes 3, the hub 4 and the rim 5 is at some locations
relatively small. The same holds true for the distance
between the caliper 7 and the spokes 3, respectively the
rim 5. This particularly holds true for the protuberances
of the caliper 7, where e.g. the pistons for the brake pads
(not shown) are arranged. Hence these regions of the
wheel 1 are prone to thermal damage due to the heat
dissipated by the disk brake system during and after brak-
ing.

[0033] Therefore, according to the present invention,
these regions of the wheel 1 may be provided by heat
shield structures, as shown in Figures 4 and 5. Figure 4
shows a wheel center 2 which is thermally shielded by a
heat shield structure 8 that is positioned on the wheel’s
surface thatis in critical proximity to the disk brake system
(not shown). In the embodiment shown, the region adja-
cent to the hub 4 as well as parts of the spokes 3, may
be protected by such a heat shield structure 8. As shown
in Figure 5, also the inner (centripetal) surface of the rim
5 may be thermally shielded by such heat shield struc-
tures 8.

[0034] Figures 6to 11 show different variations of heat
shield structure 8 which may be used in order to protect
asubjacent base structure 11 from thermal damage. The
variations according to Figures 6 to 10 are not covered
by the wording of the independent claim. Figure 6 shows
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a first variation of a heat shield structure 8 comprising a
heat reflecting layer 9 which is arranged on the surface
of a base structure 11 which is made from a fiber rein-
forced plastic. The heat reflecting layer 9 comprises a
layer that is made from a material which reflects radiant
heat more than it absorbs it. Suitable materials may be
metals, as e.g. aluminum or gold.. of heat shield structure
8 may be applied as some type of coating for the base
structure 11 ..

[0035] Figure 7 shows another variation of a heat
shield structure 8, comprising a low thermal conductive
layer 10 that is embedded in the base structure 11. The
heat shield structure 8 itself has a high heat resistance
and protects the base structure 11, which in contrast may
be made from a relatively thermosensitive material, such
as a carbon fiber reinforced plastic, from thermal dam-
age. Such a type of low thermal conductive layer 10 pre-
vents that heat input on the surface is conducted into the
solid. As the heat shield structure 8 is embedded in the
base structure 11, the outer shape, respectively geom-
etry, of the wheel 1 is not affected by the presence of the
heat shield structure 8.

[0036] Figure 8 shows another variation of a heat
shield structure 8 which comprises a heat reflecting layer
9 and a subjacent low thermal conductive layer 10 that
is embedded in the base structure 10. Hence using such
a variation of a heat shield structure 8 allows combining
the concept of minimizing heat deposition on the surface
of the structure with the concept of minimizing heat trans-
fer to the subjacent thermosensitive base structure 11.
[0037] As shown in Figures 9 and 10, in a variation of
the invention a heat reflecting layer 9 and a low thermal
conductive layer 10 may also both be embedded in the
base structure 11. As indicated in Figure 9, in some var-
iations of the invention a heat reflecting layer 9 may be
embedded in a low thermal conductive layer 10 without
being in direct physical contact with the base structure
to be protected from thermal damage. Therefore the heat
reflecting layer 9 may even be heated up to high temper-
atures without inducing damage to the base structure 11.
In the variation shown in Figure 10 a heat reflecting layer
9 is embedded in the base structure 11 while fully cov-
ering the subjacent low thermal conductive layer 10.
Such a variation may e.g. be used for application where
thermal deposition is very localized and the heat reflect-
ing layer 9 serves also to distribute the deposed thermal
energy to alarger area and decrease by thermal radiation
and convection. Figure 11 shows a variation according
to the invention with a heat shield structure 8 which com-
prises a high thermal conductive layer 12 which is em-
bedded in a low thermal conductive layer 10 in order to
improve distribution of thermal energy over alarger area.
The heat shield structure 8 shown in Figure 11 further
comprises a heat reflecting layer 9.

NUMBERS

[0038]
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Wheel

Wheel center

Spoke

Hub

Rim

Brake disk

Caliper

Heat shield structure

Heat reflecting layer

Low thermal conductive layer
Base structure

High thermal conductive layer

Claims

A wheel (1) usable for a car or a motorbike,

a.the wheel (1) comprising a base structure (11)
that is at least partially made from a composite
material and a heat shield structure (8), wherein
b. the heat shield structure (8) is arranged on
the base structure (11) and is at least partially
covering the base structure (11) and
characterized in that

c. the heat shield structure (8) comprises at least
one low thermal conductive layer (10) and in
that

d. the heat shield structure (8) additionally com-
prises atleast one high thermal conductive layer
(12) and

e. optionally atleast one heatreflecting layer (9).

The wheel (1) according to claim 1, wherein the at
least one heat reflecting layer (9) is made from a
metal or a ceramic material.

The wheel (1) according to any of the preceding
claims, wherein the at least one low thermal con-
ductive layer (10) is made from a continuum plastic
and/or a porous plastic and/or a fiber reinforced plas-
ticand/or a continuum ceramic material and/or afiber
reinforced ceramic material and/or a porous ceramic
material.

The wheel (1) according to any of the preceding
claims, wherein the at least one high thermal con-
ductive layer (12) is made from a metal sheet and/or
a metal foil and/or a metal mesh and/or ametal fabric.

The wheel (1) according to any of the preceding
claims, wherein the heat shield structure (8) is at
least partially embedded in the base structure (11).

The wheel (1) according to any of claims 1 to 4,
wherein the heat shield structure (8) is arranged on
the surface of the base structure (11).
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The wheel (1) according to any of the previous
claims, wherein the heat shield structure (8) is ar-
ranged in the hub region (4) and/or on the other parts
of the wheel center (2) and/or on the rim (5).

Patentanspriiche

Ein Rad (1), das fir ein Auto oder ein Motorrad ge-
eignet ist, wobei

a. das Rad (1) eine Grundstruktur (11) umfasst,
die zumindest teilweise aus einem Verbundma-
terial besteht, und eine Hitzeschildstruktur (8)
umfasst, wobei

b. die Hitzeschildstruktur (8) an der Grundstruk-
tur (11) angeordnet ist und die Grundstruktur
(11) zumindest teilweise bedeckt und

dadurch gekennzeichnet, dass

c. die Hitzeschildstruktur (8) mindestens eine
schwach warmeleitende Schicht (10) umfasst
und dass

d. die Hitzeschildstruktur (8) zusatzlich mindes-
tens eine stark warmeleitende Schicht (12) um-
fasst und

e. optional mindestens eine warmereflektieren-
de Schicht (9) umfasst.

Rad (1) nach Anspruch 1, wobei die mindestens ei-
ne warmereflektierende Schicht (9) aus einem Metall
oder einem Keramikmaterial hergestellt ist.

Rad (1) nach einem der vorhergehenden Anspri-
che, wobei die mindestens eine schwach warmelei-
tende Schicht (10) aus einem Kontinuums-Kunst-
stoff und/oder einem porésen Kunststoff und/oder
einem faserverstarkten Kunststoff und/oder einem
Kontinuums-Keramikmaterial und/oder einem faser-
verstarkten Keramikmaterial und/oder einem poro-
sen Keramikmaterial besteht.

Rad (1) nach einem der vorhergehenden Anspri-
che, wobei die mindestens eine stark warmeleiten-
de Schicht (12) aus einem Metallblech und/oder ei-
ner Metallfolie und/oder einem Metallgitter und/oder
einem Metallgewebe besteht.

Rad (1) nach einem der vorhergehenden Anspri-
che, wobei die Hitzeschildstruktur (8) zumindest teil-
weise in die Grundstruktur (11) eingebettet ist.

Rad (1) nach einem der Anspriiche 1 bis 4, wobei
die Hitzeschildstruktur (8) auf der Oberflache der
Grundstruktur (11) angeordnet ist.

Rad (1) nach einem der vorhergehenden Anspri-
che, wobei die Hitzeschildstruktur (8) im Nabenbe-
reich (4) und/oder an den anderen Teilen der Rad-
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mitte (2) und/oder an der Felge (5) angeordnet ist.

Revendications

1.

Une roue (1) utilisable pour une voiture ou une moto,

a. laroue (1) comprenant une structure de base
(11) qui est au moins partiellement fabriquée a
matériau composite et une structure a bouclier
thermique (8), dans laquelle

b. la structure a bouclier thermique (8) est dis-
posée surla structure de base (11) etrecouvrant
au moins partiellement la structure de base (11)
et

caractérisé en ce que

c.la structure a bouclier thermique (8) comprend
au moins une couche conductrice thermal basse
(10) et en ce que

d. lastructure a bouclier thermique (8) comprend
en outre au moins une couche conductrice ther-
mal haute (12) et

e. optionnellement au moins une couche réflé-
chissant la chaleur (9).

Roue (1) selon la revendication 1, dans laquelle la
au moins une couche réfléchissant la chaleur (9) est
fabriquée a un métal ou un matériau céramique.

Roue (1) selon I'une quelconque des revendications
précédentes, dans laquelle la au moins une couche
conductrice thermal basse (10) est fabriquée a un
plastique continuum et/ou un plastique poreux et/ou
un plastique renforcé aux fibres et/ou un matériau
céramique continuum et/ou un matériau céramique
continu et/ou un matériau céramique poreux renfor-
cé aux fibres.

Roue (1) selon I'une quelconque des revendications
précédentes, dans laquelle la au moins une couche
conductrice thermal haute (12) est fabriquée a un
feuillard métallique et/ou un film métallique et/ou une
maille métallique et/ou un tissu métallique.

Roue (1) selon I'une quelconque des revendications
précédentes, dans laquelle la structure a bouclier
thermique (8) est au moins partiellement encastrée
dans la structure de base (11).

Roue (1) selon I'une des revendications 1 a 4, dans
laquelle la structure a bouclier thermique (8) est dis-
posée sur la surface de la structure de base (11).

La roue (1) selon 'une quelconque des revendica-
tions précédentes, dans laquelle la structure a bou-
clier thermique (8) est disposée dans la zone de
moyeu de roue (4) et/ou sur les autres pieces du
centre de la roue (2) et/ou sur la jante (5).
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Fig. 5
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